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ABSTRACT

The basic requirements of Long Path Infrared (LOPAIR)
systems for detecting and warning of the presence of chemical
warfare (CW) agents are discussed. Several varieties of active
LOPAIR systems together with their advantages and disadvantages
are reviewed. A simplified version of a non-dispersive infra-
red analyzer which employs a monobeam pneumatic selective de-
tector 18 described and compared. The results of some successful
preliminary tests performed at George Air Force Base, California,
are presented and discussed. The tests which were over ranges
of 4,350 feet and 10,825 feet (0.824 and 2,05 statute miles) were
made in the presence of atmospheric scintillation and through the
exhaust trails of various aircraft., Successful operation through
scintillation is essential to LOPAIR systems. Previous tests on
other LOPAIR systems showed them to be adversely affected by
scintillation. Conclusions on the use of Narrow Absorption
Infrared (NAIR) systems are given, Recommendations and conclu-
sions, and possible test procedures for an active LOPAIR system
of the monobeam NAIR type are given,
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I. INTRODUCTION

The use of long path infrared radiation systems (LOPAIR)
as a means of monitoring the gaseous content of the atmosphere is a
well recognized method. LOPAIR permits monitoring, measuring and
even identifying certain gases at a great distance without any
physical contact with the gases*, There does not appear to be any
other method of accomplishing this task. In one simple form,
active LOPAIR consists of a beam of infrared (IR) radiation opti-
cally projected through the atmosphere to a distant receiver and
infrared detector circuit. Certain gases or vapors occurring in
the path will absorb some of the radiation, and the detector and
circuit will indicate this condition,

A LOPAIR system appears to be excellent for detecting
and warning of the presence of chemical warfare (CW) agents.
However, in tests of certain active LOPAIR systems it was soon
found that atmospheric scintillation** (random variations in the
index of refraction of the air path caused by varied air temper-
atures) presented a large obstacle. Scintillation caused the de-
tection systems to fluctuate wildly and they were either inoper-
ative or reporting false alarms when no CW agent was present., It
was therefore decided to test for immunity to scintilla*ion at the
earliest possible moment before presenting any recommendations to
the Air Force. An active, operational desert air base was chosen
so that there would be (1) atmospheric scintillation and (2) aircraft
and motor vehicle exhaust vapors, more or less typical for air base
operations,

*  Yates, H. W. and Taylor, J. H., "Infrared Transmission of the At-
mosphere' NRL Report 5453, Washington, D. C., June 1960.
Hackforth, H. L., "Infrared Radiation', McGraw Hill Book Co.,

New York, 1960.
Also many references in Proceedings of the IRE, Vol. 47, No. 9,
p. 1457, September, 1¢.9.

*% Fuld, K. M., "Investigation of Atmospheric Scintillation and
the Elimination of Its Influence Upon LOPAIR Systems', Final
Report on Contract No. DA-18-108-405-CML-511, U.S. Army
Chemical Center, University of Chicago, 1960.

Manuscript released by author November 1961 for publication as an
ASD Technical Report
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II. ACTIVE LOPAIR SYSTEMS

General:

In an active LOPAIR system, there is a distant source of
IR radiation which the receiver (detector) system views. The
source may be interrupted or "chopped", or it may be a steady, un-
interrupted source. In the latter (steady)case, the system ap-
proaches a '"passive' system in which the detector views an IR
source such as the sky or background, Since '"passive sources" are
continually varying in temperature, or a warm or hot object may
enter the detector field of view (even a warm, IR emitting cloud
of toxic gas) and the system would not report an alarm, then the
passive system leaves much to be desired as an optimum, fixed,
stable, and permanent alarm system.

The chopped active system allows the detector to dis-
criminate between the true IR source and extranecus IR sources.
The detector senses and should respond only to the chopped IR

signal.

To obtain stability, it is essential to compare a

steady reference signal with the analytical or sample signal.
For 2 LOPAIR system to detect a CW agent, the sample cignal
would be derived from the wavelengths of IR radiation which the
CW agent will absorb, (hereafter called Ag) and the reference sig-
nal from one or several wavelengths which the CW agent will not
absorb (hereafter called AL, or 1’ A2 Ar3 where more than one

n - b

is used). Both wavelength regions (the sample and reference)
should traverse identical paths, and of course must be in spectral
regions to which the atmosphere is transparent. Furthermore,
varied concentrations of nontoxic gases, vapors, aerosols, smcke,
and dust, sand clouds, haze, smog, fog, rain, snow, and hail should
te transparent to the spectral regions used. Transmission through
all of these over an extremely long path cannot be achieved, but
can be approached reasonably well for most conditions. The at-
mosphere is quite transparent from 8 u to 13 . Fortunately, some
nerve agents absorb energy in a region of high atmospheric trans-
mig¢sion-~~5.8 u.

ggtcctorSt

Two types of uncooled infrared detectors have detectivities
sufficiently high to be useful for LOPAIR. These are: (1) blackbody
radiation absorbers, (2) pneumatic selective detectors. Neither type
needs cooling, whereas the fast response and high detectivity photo-
conductors such as doped Germanium require from liquid nitrogen to
liquid helium temperatures and are obviously unsuitable. The black-
body radiation absorbers can be thermistors, thin film bolometers,
thermistor bolometers, thermocouples, or Golay cells. Each of these
is responsive tn radiant energy of nearly all IR wavelengths and is
relatively linear in response. Each needs a wavelength sorter (such
@< 3 monochromator or filters) to eliminate all except the sample
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and reference wavelength regions.

The preumatic selective detectors are not blackbody ab-
sorbers. 1Instead, they are filled or charged with some of the very
gas to be detected, or with a gas having a common absorption region
with the gas to be detected. These selective detectors are respon-
sive to IR wavelengths only in the regions where the charging gas
absorbs radiant energy, Pneumatic selective detectors do not need
monochromators or filters to sort the desired from the undesired

wavelengths,

In order to compare the wavelength regions where the sample
gas (gas to be detected) absorbs energy (A ) with the reference
wavelength regions (gas to be detected does not absorb here, A )
there are two basic methods which are best suited. Both methods
have an identical view of the IR source, but one method views at
alternate time periods while the other views at identical times,.

1. Measurement of A‘S and Ar in Alternate Time Periods:

In this method, a beam switching mechanism is used to direct
the source image consisting of As only to a detector for a
given period of time. In the next period of time, the source
image consisting of Ar only is switched to the detector. At
ro time does the detector view both As and A at the same in-
stant. This can be done by switching at the receiving end, or
by selective chopping at the source, such as by a filter wheel.

Advantages:

a, Enables use of a single detector for viewing of As and
A r+ Matched detectors are therefore not required.

b, Method has had considerable development work, both in
LOPAIR systems and IR spectrophotometry. The familiar
double beam spectral recording instruments use the beam
switching technique., Filter wheel LOPAIR systems have
also been developed.

Disadvantages:

a. The alternate time period of view system is adversely
affected by scintillation. When the frequency of viewing
is near (or slower than) the frequency of scintillation,
drastic performzance degradation and false alarms occur.
As and Ap 4re "chopped by scintillstion" of a varying
frequency. To escape effects of scintillation, high
speed switching of alternate views is required, and this
decreascs the detectivity of the detecctors.

b, A degree of mechanical complexity is introduced to do the
alterrating, such as vibrating or rotating mirrors or filters.
Also, some method of balancing the relative strength of ;\q
against }r must be accomplished, introducirg further complexity,
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2. Measurement of A and Ay in Identical Time Periods:

In this method,'Rs and Ar are viewed at the same instants

at all times. No beam switching is required. The use of

a2 beam splitter is a good example, where a percentage of the
view is reflected from a partial reflecting surface, and the
remaining percentage is transmitted through the surfaces of
a beam splitter. Other methods can be used to produce the
same result, some more efficiently.

Advantages:

a. This is the best way to eliminate the adverse effects of
scintillation.

b. No mechanical motion required at receiver.

Disadvantages:

a., Requires the uwse of two detectors which mus: be balanced
in vespopse times, They must remain balanced in response
time and detectivity with both ageing and temperature
varietiom,

b, Unlees care is taken as to how the IR beam is divided,
thexe can be 2 lose of energv &#nd hence a loss in
decectivity of the detectors, Por instance, a 50%
reflecting and 507% transmitting Geam splitcer divides
the radiant emergy to each detector by two,

C. Methods of Obtaining Proper Wavelength Bands:

) There are a variaty of ways to obtain the desired wavelength
bands, As, and Ag (or Agq1» A.z, etc, and ;\rl’ Ap2, otc.)

1. Dispersive systems, such as priem or grating monochromaters and
interfexomerer systems, can be efficient and accurate, Mechan-
ica) complexity, expense, and a certain degree of fragility
3nd temperature dependency are digadvantages which they intro-

uce.

2. F¥Filters, both natural occurzing (like plastic films) and eingle
or gulti-layer interference filters can also be efffcient and
accyrate, They can be produced 1n quantity within relatively
tight toletances, can be stable in performance, and have a
good life expectancy,

(9%}

Selecrive detectors, as previously mentioned, do not need any
filters or dispersive systems, They are rugged, and have
relattvely fast response charactevistics. Some disadvantages
are found in obtaining charging gases with all the desired
chaxacteristics, Although the gases ¢an wusually be found,
either some search is required or the gas must be chemically
synthesized,
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In all of the previously cited possibilities, one form or
another of the pneumatic selective detector can be used in place of
the blackbody absorbing detectors. All that is required is that the
pneumatic detector have sufficiently fast response. Since the
pneumatic detector is already selective in its response (depending
on the charging gas) no filters, monochromators, or interferometers
are required., This is a considerable simplification. There is,
however, one further modification in the use of a certain pneumatic
selective detector which results in another simplification of con-
siderable magnitude. This serves as an introduction to the mono-
beam system,

The Monobeam System As Applied To LOPAIR:

As an active LOPAIR system, the monobeam system makes use
of a distant source of IR radiant energy mounted at the focal point
of a sufficiently large positive optical projector (See Fig. 1). The
source view is chopped at 5 cycles per second (5 cps) by a rotating
opaque shield, (Further developments may permit pulsing the IR source
electrically, thus eliminating mechanical chopping.) The IR beam is
projected to the receiving optics which intercept a small portion of
the large source image, The receiving optics collect the intercepted
rays and form a reduced image of the distant source optics aperture
at the focal plsne, The radiation entrance port of the detector is
centered -o accept fully the source image,

The detectox 1tself (Fig. 1 and 2) is comprised of two sim-
ilar sections gptically in tandem, This is the essential point;
radiation which 1s not used by the first detector section (D1, the
""sample detector'") 1s passed on without loss (other than optical -
window surface reflecticm-transmtesion losses of 4 to 18%) to the
second detector section (D¢, the '"xeference detector'"). DIl is
typically charged with the gas to be detected, or with a gas having
at least one ebsorpglon band imn common with the gas to be detected.

D2 {s charged with a gas which does not have any bands common to the
gas to be detected, It is desirable that the energy absorbing regifons
of D2 be relatively elose to the Di regiomn, and if possible, be on
btoth the long and short wavelength side of Dl. Operation as Just
described can be termed bichromatiec (for two wavelengths) or poly-
chromatic (for three or more wavelength absorbing regions). Each
section of the detector is es.entially a condenser microphone. A

part of the detector wall consists of a flexible diaphragm in electri-
cal contuact with the detector body, and closely spaced from the dia-
phragm i{s a fixed plate electrode, The two parts then form the plates
of variable-space capacitor. Absorption of IR radiation causes the
gas to expand which Iin turn causes the flexible diaphragm plate to
change cpacing with respect to the fixed plate, thus varying tbe capa-
city. A useful signal may be extracted by using any electronic system
which will measure or compare very small changes in capacitance. There
arc several well known and reliable techniques. The detection infor-
mition may be presented in a difference of signals system (Dl signal
minus D2 <ignal) or in a ratio of signals system (actually the ratio
of difference of the signals to the sum of the signals.
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IR Sources:

There is a variety of IR emitting sources which are
suitable to LOPAIR systems. The IR source must meet the following
requirements:

l. Giﬁe off sufficient spectral radiant emittance in the wave-
length regions of interest,

2. Consume a wminimum of power.

3. Be sufficiently stable in output.

4, Be of long life---on the order of 1000 to 2000 hours or more.
5. Be capable of being re-newed easily.

6. Be started easily.

7. 1f the synchromnizing signal is tyansmitted optically, then the
IR source must give off sufficlent spectral radiant emittance
for whatever detector response is used.

The sildcon carbide '"Giobar"', Nernst glower, Welsbach mantle,
and heated metal filaments or ribbone appear best in meeting the re-
quirements.

There are other possibilities which are attractive, but at
the present time also have drawbacks.

1. The large area '"stove" would not require transmitting optics
and would not produce any visible radiation if operated from
400° to 500° C. It would require much electrical power for
heating, or gasoline, oifl, L-P ges, etc., could be used.
Chopping of the large source would be somewhat awkward.

2. The carbon arc has been used for long path IR studies. It is a
good IR source, operating at about 3700° C, High power consump-
tion, short life, and intricate feed mechanisms are the disquali-
fying drawbacks.

3. The enclosed concentrated zirconium arc offers some interesting
possibilities. The high operating temperature near 3000° C with
black body characteristics produces considerable IR radiation.
Average life ranges from 700 to 1000 hours. The gmall arc has
a tendency to wander in positiem, and a technique must be
developed for hermetically sealing an IR transmitting window
onto the lamp cnvelope. Power consumption would range between
10 watts and '100 watts. The radiant output at 10 u is more thaw
twice that of the Globar.

4. Excited gases and vapors requtre extremely high pressures and
temperatures for operation in the 10 micron region., Somc have
very high power requirements. These souwrces have not been
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developed enough to make them attractive. The rather large size
and short iife are further disadvantages.

5. The IR maser is still in a developmental stage. If a 10 a1 region
emitter does not already exist, there is no theoretical reason
why it cannot be made. Research and development are required,
IR masers (or irasers) are attractive for the spectrally pure,
high radiancy which ean be obtained in a very narrow beam.
Furthermore, no transmitting optics would be necessary and pos-
sibly only small eize optics would be needed at the receiver for
a 3 mile path. There are some possible disadvantages, some of
which can only be conjectured., A continuous wave iraser will be
complicated compared to the present IR sources, It may also be
very temperature sensitive., The life expectancy is unknown.
Alignment problems and maintaining of alignment could be very
serious. The mirage effect, a gradual bending of the IR beam
caused by varied air refractive index, could be drastic. A
beam deviation of only ome milliradian (0.057°) would require a
receiver position shift of about 16 feet at a 3 mile range, The
spectral bandwidth of IR emission could be very narrow---perhaps
too narrow to permit detection of more thanm one CW agent.

Of the four best IR sources, two have been used successfully
in the monobeam LOPAIR system---the Globar and the Welsbach gas mantle.
The other two sources---Nernst glower* and metal filaments---were not
tried but should work satisfactorily. The high outpui er the concen-
trated arc makes 1t a fifth possibility worth considering.

In tests performed at the Beckman plamt the Globar and
mantle were compared over path lemgths of 566, 800, and 9,190 fecet in
a modified monobeam LOPAIR system, Absolute elgnel levels for each
section of the detector were measuved.

The Globar (eilieon carbide) rod 1/5" diameter by 2" long,
was operated at 1400° ¢o 1500° C, and consumed from 130 to 150 watts
of power. The mantle was a Veritas Alpha type 73769, heated by
tanked liquid petroleum gas (propane-butane). PFor the near maximum
operating conditions used, signal level comparisons showed the Globar
to be from 1.1 to 1.3 times better in output tham the mantle. The
test showed that the gas mantle could be used as a secondary IR source
which does not require electrical power. Electrical power would still
be required to operate a chopper motor, but » thermoelectric gener-
ator energized by heat from the mantle could furnish the motor power.

Globar operation is relatively simple. The heater rod is
rugged, and has enough thermal 4intertia so as not to fluctwate badly
in the wind. No pre-heater circuit is required to start it.

v The Army Chemical Corps has used Nernst glowers satisfactorily.




III. TEST RESULTS

In order to verify certair assumptions and calculations,
mezsurements were made over 1.74 miles path at the Beckman Instruments,
Inc., plant at Fullertom, California and at .824 miles and 2.05 miles
at George Air Force Base, California. The IR source used was a
Siiicon Carbide Globar at about 1500° C, mounted at the focal point
of a 60 inch diameter, 25.56 inch focal length antiaircraft search-
light mirror. The source was mechamically chopped at 5 cps.

The monobeam pncumatic selective detector was mounted at
+he focal point of a two foot diameter Cassegrain system (this system
was obtained on loan from the Army Chemical Center). The monobeam
Jetector sectioms, D1 and D2, ‘had a wavelength response as shown in
Fig. 2, and had notise equivalent powexr (NEP) values of about 3 x 10-9
watts at 5 cps, 0.12 e¢ps amplifier bandwidth. This NEP measuremert
waz made iv the laboratory under the best of conditions and used an RF
oscil¥ator circuit., In the George AFB tests, an electrometer circuit
was required to record a diff:rence signal, so the NEP value was de-
graded. 1In Fig. 3, note that Pl shows response to 8.0 and 8.5 microns.
Thic is not desirable, it beimng preferable that DL respond only in the
9.8 o band, However, this detector was experimental and did not
contain an optimum charge. Qther detectors bhave been built since this
one, an? showed reeponse entirely at the 9.8,u band. Fig. 4, curve C,
shows a recently built detector with a more desirable response char-
actericstic.

A synchronous rectifder system consisting of a lead sulphide
(PhS) cell detector im a separate optical system (12" parabola £/0.5)
was used to rectify the 5 cps zignal from the amplifier,

All rhe long path tests were made using a difference signal
system, Response then showed Di signal minus D2 signal. The gain was
atjusted such that modulations or lesses of the sample wavelength ab-
sorption bard produced an upscale meter r vrecorder deflection of from
7.0 to 7.5% modulation for full ecale deflection, Eachk record pre-
sented is mark<d to show the value of modulation which results in a
full scale deflection, The d-*ector circuit was arranged such that by
psshing a switchk burton a known percent modulation would be super-
impos< on the detectora, and thre recorder would register the re-
sultirg upscale Zeflection,

A% the 1,74 mile Beckman Plamt tests, the effects of Los
Argeles smog and ot-er uridentified vaporc were appar.nt. General
visikildey to the eye was atout 3/4 to 1 mile, but the orange colored
souvce coult just be seen thvough the haze. Mo way radlo voice
comrunicatton was used to aid {o the opti-al alignment. A =ufficicntly
strong IR sdgnil was received, and the test site was then moved to
Genre AFB. 100 wiles -orthvast of Los Angeles, in the Mojave Desert
replan
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Flg__f shows the layout of the test sites. An important
feature lies in the fact that the wind blew primarily from south to
north (or was at times entirely calm) for most of the four days of
long distance tests---and therefore, jet engine and also recipro-
cating engine exhaust gases drifted or remained in the optical path
for considerable periods of time. At one time, the smoke trails
from a variety of colored smoke flares, about 1/2 mile upwind,
drifted through the optical path. The monobeam detector did not
show response to any of these various gases, vapors, or smokes. The
detector did show response to methyl alcohol (methanol, MeOH)
sprayed into the beam with a hand spray. MeQH has a strong absorp-
tion band between 9.}/p and 10.3 p (See Fig. 6). An easier check of
detector response to assure proper operation was to imsert a thin
film (about .002" thick) of polystyrene. Although there are gome
conflicting absorption bands, the absorption band at 9.72¢ u with a
half intensity bamdwidth about 0.2 u simulates a gas absorption well
enough for crude test purposes (See Pig. 7). There are other plastic
materials which can also be used for such purposes, or even small gas
cells charged with appropriate gases. A further check on the mono-
beam system fumctioning is provided in a calibrate button---a switch
which introduces a positive amd foolproof clectrical test signal imto
the detectors for an indication of the percent modulation range or
span of the system.

Some partial records of the George AFB tests are presented in
Fig. 8 and Fig. 9. It should be remembered that these were prelimin-
ary teets and the circuitry used was an ‘open, unshielded breadboard
system. The noise which shoWs originated emtirely from the pre-
amplifier system, for when the IR beam was blocked off with an opaque
shutter, the noige level stayed the same. The curves are unchanged
from the original runs aed with the clarifying captions are relatively
qelfuexplanatory

Upon returning to the Beckman Plant, the actual calibrate
signals were carefully deternined by use of a Pluke Differential
Voltmeter. The measurements showed 7.0% modulatliom for full scale
deflectioms on the 4,350 foot path, and 7.5% modulation for full
ccale on the 10,825 foot path. Also, using the same clectrometer cir-
cuit as at George AFB, NEP values for the detector were determined
to be DI = 1.1 x 10-8 wates and D2 = 5.2 x 10-8 watts. More recently
built detectors showed signal [ jprovements by a factor of 1.8 for DI
ind 4.4 for DZ. Upon using a radio frequemey (RF) oscillator circuit
in place of the electrometer circuit on the George AFB detector, an
improvement of signal to noise (S/N) ratio of 2.2 for Dl and 2.6 for
D2 wae realized.

On one ot tbe newer detectors, the RF circuit versuys electro-
weter cdrcudt was better in §/N by a factor of 3.5 for DI and 2.4 for D2.

Thus, 1t was possible to fmprove upon both the detectors and

electronics such that NEP values of D1l = 1.7 x 10~9 watts and D2 =
3.0 o« 00 watts are vealized,
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The Special Projects Division of Beckman Instruments, Inc.,
is presently engaged in a concentrated detector improvement program.
The best NEP value thus far observed is 9 x 10-10 watts, and there
is reason to hope that this value may be improved upon,

Summary and Conclusions On The Air Base Tests:

1. The preliminary breadboard monobeam LOPAIR system operated suc-
cessfully over a 2,05 mile path in the presence of moderately
severe atmospheric scintillation. The span was such that 7,5%
modulation of sample beam gave a full scale recorder and meter
reading. No degradation of response was observed due to
scintillation.

2, At no time did system show a '"false alarm'. This would be true
even if span were set such that 5% modulation were full scale

or alarm.

3. The monobeam LOPAIR system appears to be unaffected by jet or
propeller driven aircraft taxiing, landing, or taking off
across the beam path,

4. Signal flare smoke and water sprayed into the beam path had
no observable effect.

5. At no time when a recording was in process did the srctem show
any indication of being inoperative. The system always re-
sponded to the introduction of calibrate test signals, to
methyl alcohol vapor, and to the polystyrene sample.

6. Detectors and circuics can be constructed which will give a

ten-fold better performance, Since the noise encountered was
system nofse, this should result in a 10 fold noise reduction.

ASD TR 61-710 18




IV, COMMENTS ON THE NARROW ABSORPTION INFRARED (NAIR) $YSTEM

The term "NAIR" is taken from the meaning Narrow Absorption
Infra-Red, which is descriptive of the pneumatic selectlive infrared

detector,

A study of a particular problem encountexed by Wright Afr
Development Center was made and reported by the Southwest Research
Institute*, The problem was the detection of explosive vapors imside
operational rocket-powered aivcraft. Excellent descriptions of the
non-dispersive type imstrumente are gilvemn. A detector sf{milar to
the monobeam detector is cited in the Study of Explosive Vapor
Detection (page 20). Many other non-dispersive systems are also
cited.

Ymportant conclusions of the study were two optimum
methods for the detection of encountered vapors; 1) Mass speceros-
copy; and, 2) Non-digpersive infrared analyzers. :

The monobeam detector is a NAIR-type detector and is an
extended path non-dispexsive positive type infrared analyzer.

The problem of CW detecticn and warning is simllar to
explosive vapor detection in that moderately low concentrations of
a gas must be detected---but of course, not within tlie framework
of a rocket aircraft. -

A primary problem for the pneumatic selective detector is
the obtaining of spectrally suited gas charges. Nom-digpersive anae
lyzers of both positive and negative types** are discussed and come
pared in the Proceedings of the IRE¥**, The article concludes that
non-dispersive infrared analyzers are the superfor instruments for
continuous chemical process control. (W agent monitering is a simi-
lar process. Beckman Instruments, Inc., alone has sold over one
thousand of these analyzers for use in chemical process plants.
Often, these analyzers which are encased in sealed housings must

* Shaw, T. M.; Truby, F. K.; Wood, W. R.; "Study of Explosive
Vapor Detection', WADC Technical Report 56-293, Contract
AF 33(616)-2802, Project No. 6075, p. 12-36, Southwest
Rescarch Institute, San Antonio, Texas; June, 1956

**  Posdtive type---only the epergy absorbed by the gas being
detected is measured and reported. .

Negative type---detector measures and reports the energy of

the beam reduced by an amount equal to the absorption
of the gas being detected.

**x%x  Tbid., pages 1633-1635.
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operate under very poor envirommental conditions such as near vibrating
machkinery and hot furnaces, under dripping pipes, in noxious chemical
atmospheres, or outdoors in extremes of climatic conditions.

A selective pneumatic detector can be used to detect any
CW agent detectable by its IR spectrum.
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V. CONCLUSIONS AND RECOMMENDATIONS

following conclusions are reached:

1.

AsD

In the matter of overcoming the adverse effects of scintil-
lation, the simultameous (non-~alternating) viewing system is
superior to the alternate viewing system. This is borne out
theoretically and from the results of the available, rather
limited, experimental data, It is recommended that future
systems be of the simultaneous, (non-alternating) view type.

As summarized in the George AFB Tests sectiom, the monobeam
LOPAIR systém (a breadboarded difference signal system) did
perform admirably under moderately advexse conditions. This
perfotmance is better than any other known system built to date.

There are several satisfactory methods of achieving the neces-
sary spectral responses, Each wmethod possegses both advantages
and disadvantages. Dispersive systems and filter systems both
can be efficlent and changeable {n the field. The monodbeam
LOPAIR system offers a degree of chamgeability, in that it is
believed that suitable detector gas-charge combinations can
always be found to meet the demands of any gas detection
problewm which can be amalyzed with infrared systems, analysis
must be confined to the regions and conditions of atmospheric
trangmission.

Of the LOPAIR systems that have been proposed, the active
monobeam system is the most simple and practical which en-
compasses the essentisl configurations for a three mile ramge
system. The detector is simple, dependable, and rugged. A
sophisticated version of this detector and circuitry has
passed U. S. Navy Mil Spec Tests (MIL-T-17113) for shock,
vibration, and inclimetion, and also MIL-I1-16910, Tests for
Radio Interference, 14K to 1,000 megacycles.

The IR sources which appear to be most suitable to LOPAIR
systems are in essence the old stamd-bys of IR spectropho-
tometry---the silicon carbide Globar, Nernst glower, and
heated metal filaments or ribbons. The gas mantle is feasible
as far as enecrgy output is concexned, but introduces fragility,
pressure regulation, starting, and gas supply problems. An
item worthy of mention is the st2e of the IR source. The de-
sirability of using a small size and low power consuming IR
source must be balanced against the possible tightening of tol-
crances on the transmitting optics for surface accuracy, cber-
rations, temperaturc coefficients, alignment and maintenance of
alignment, precision of replacement, amd the effects of shock
and vibration. 1If these reguirements are not too stringent,
then the concentrated axc is a fifth IR source possibility.

TR 61-710 2l




5. Although all of the monobeam LOPAIR tests were perfeormed using
a difference of signals system, there is a distinct advantage in
using a ratio of signals system. The ratio system offers a
constant span; i.e., if the system is set up such that a 5%
modulation (5% absorption of the/ s gignal) is to cause an
agent alarm, this alarm point remains the same so long as there
is sufficient loop gain in the reference detector channel. As
the signal strength of both g and A, decreases, such as flat
losses caused by atmospheric attenuation (fog, snow, etc.), a
point will be reached where there is insufficient A, sigral
feed back and the system will become sluggish in response
and finally inoperative. Even while the system is sluggish,
the alarm point remains at a 57 modulation value. It is
estimated that a ratio system should remain operative when
the original reference signal has been reduced by a factor of
between 4 and 8 times.

The difference system will change the agent elarm point in

an inverse proportion to the loss of reference signal. For
example, 1f a difference system is get up for & 5% modulation
alarm point, and the signal strengths of both >3 and y are
decreased by oneehalf, then e 10% modulation ia required to
cause an agent alarm, Thus, ¢the CW sgent concentration must
be about 2 timee greater to c2uee &n alarm for the origimal
5% set up conditions.

Therefore, in order to msintain a constant agent slaram point,
some form of a ratio system appears to be euperior.

The following recommendations are given:

1. The existing equipment should be used for more extensive tests.
The test trials should be conducted under the surveillance and
guidance of the Army Chemical Corps and Air Forece officials
concerned. The tests should be done over a 3 mile path, in
the presence of severe scintillation and other atmosphertic
disturbances which can degrade performance. Actual nerve
agents ghould be used in the trials. '

2. Simultaneously with the above tests, production designs should
be arrived at and formalize/. This would be culmimated in a
finished prototype which would be suitable for production and
would meet wmildtary specifications' requirements¥.

3. Concurrently with the above programs, a threefold study-
monitor-develop program should be run., This would consigt of
the following:

* Sce Appendix for calculation of necessary optics, and proposed
electronics.
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Development of detectors to an ultimate in detectivity.

Dovelop cptical projection systems to an optimum for
given situations and placements.

txamine the {nfrared spectra of posaible CW agents and
determine charging gases to solve the problems,

Develop better sources of infrared radiant energy with
the purpose aof obtaining preferential 10 micron region
emittery, electronic chopping, ineseased efficiency at
lower input power, invisible emftters to eliminate IR

souree filters.

Monitor the state-of-the-art of infrared maser develop-
ment. Approximately 1 to 10 microwacts of radiant power
in each wavelength region used is required by the de-
tector., Maser action in the 10 u regicn is feasible
and could offer considsrable glze and weight reduction

of optice.




¥iI. TEST PROCEDURE PROGRAM

Since one of the major problems is scintillation, the
test program should first of all cover this area thoroughly.

1. 1It is desirable that natural scintillation be synthesized
so that systems can be tested in the laboratory or in the
production line.

2. 1f synthetic scintillation is not practical or available,
systems should be tested under savere natural scintillation
eych as would be found in desert areas.

Several LOPAIR units should be built and the following
performed:

1. Test for the nerve agents of interest.
2. Record outputs under all test conditions.

3. Record atmospheric conditions as measured by a transmias-
someter.

4, Test at different locations which are representstive of
the proposed useage---such as high and low altitude
deserte, sea coast, mountain, arctic areas, industrial
air pollution sreas, jungle and high humidity aress, etc.,
under varied weather conditions (rain, fog, etc.).

5. Test under the worst conditions in which the equipment 1is
still expected to function---guch as at high noise level
of jet or rocket exhaust; explosions; distant puclear
bleste; sonic booms; and lightning flash, incendiary
bombe, acrial photograph flares, and signal fisres in the
aptical path. Por some of theee tests, the actugl or
natural conditions may not be obtainable. In such case,
the condition should be synthesired, or the effects cal-
culated using the lateet and best information obtainabdle.
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APPENDIX I

CALCULATION OF OPTICS

The requirements for the diameters and focal length of
the transmitting optics, and the diameter of the receiver primary

are based on these calculations,

The "effective emitting area" (A.) gives a measure of
the power into the detector. This is calculated for the tests at
George AFB at 10,825 ft., (2.05 miles) and then used to extrapolate

for a value at 15,840 ft. (3.00 miles).

(v,
yece.ver

(s) ()

Seurce transnﬁtter

AT A ‘
| {eifect-vc) |
|

. .“,l‘_m_” L e Py e — ]

f2ral ) (FbTh /e”ﬁrh)

{ ]r__«r;qfh |

The direct area (Ag) 1s the conjugate projection of the
receiver aperture (Ar) onto the source.

Rs = F; , Rs = F, R (1)

Re Py, P

L (2)

A, = ﬂ'{/ Fr R, > 2 3)
. PL
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Assuming hemispherical radiation by the source, the portion
of this hemisphere which 1s intercepted by the transmitter optics is
Ec:

‘Portion collected = E. = Area intcrcepted by mirror
Area of hemisphere of radiation

The radiant power P to the detector is P = TW,EcAg

where W = spectral radiant emittance with units
of watts/cmz/hemisphereMA}J

emissivity of Globar (& = .8)

The following have not been taken into account, but do uot
need to be at this time. They would remain constant for any given
set of conditions and definitely would have to be accounted for if
an exact value for P to the detector were sought:

1. Filter transmittance (filter on source to eliminate visible
radiation).

2. Losses due to form of chopping of source (if squafe wave chop-
ping, = 2).

3. Truonsmittance of the atmospheric path in the wavelength regions
of interest.

4. The reflectances of all optical mirror surfaces, or the Fresnel
reflective loss at lens surfaces,

5. Losses due to imperfect optics or the encountered aberrationms.

6. Losses due to any protective covers over transmitter or
receiver optics,

7. Losses due to any nontoxic gases or vapors encountered ard
which cannot be considered 'normally atmospheric'.

8. Losses at detector windows, lenses, mirrors, filters, or dis-
persive systems.

The "effective emitting area" (Ap) of the source is the

product of the emergy collected (Ec) and the direct area (A4) used
of the source.

Ay = P = EcAg . %)
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Converting all measurements to centimeters:

3.30 x 105 ¢m

P, = 10,825 ft. e
Fe = 25.56 inches = 64.9 cm
Ry = 0.968 ft. 2 29,5 em
Re = 2.50 ft. z 76.2 cm
Acceptance angle of transmitter = 1209 cone from -
source.,
E, = .500 Ag 7 10.6 x 10~5 cm?
E, = EcAg = 5.30 x 107 cm? } )

Por the system used at George AFB, the effective emit-
tipg area was 5,30 x 10-5 cm?,

'To calculate a new system, consider using f/1.0 optics
where the diameter = focal length, Fy = Dy = 2R, for transmitter.
Also, let transmitter ™ xeceiver in size.

Yor £/1.0, Ec ® .117 and ¥y = 2 Ry = 2 R = X (6)

The addition of a filter over the source to eliminate the
visible light (90% T), and 2 polyethylene covers (one over each
optic) for weather protection (83% T each, .832 = 697, T), gives
a total of .69 x .90 = .62 or 1.61 times less energy than at
George AFR tests.

With the tmproved detectors which have been realized,
it is calculated that about 1/5 the energy of the George AFB tests
will be sufffcient. This effectively gives a factor of 5 times
more energy. This conclusion is reached as follows: The detector
and electrometer circuit of the George AFB tests had an NEP of
5 x 10-8 watts. The mewer detector and circuitry gives NEP =
3.5 x 10-9 watts., This is a factor of 15 improvement of S/N which
is realized. In the George AFB tests, the noise was about 40% of
full scale with 7.5% modulation : full scale. The noise is there-
fore equivalent to 3% modulation. If the span had been set such that
5% modulation = full scale, the noise would still be equivalent to
3.0% modulation. 1Imn order to operate successfully, as optical sur-
faces deteriorate, and in the presence of poor atmospheric trans-
mission, it is desirablec to operate with a noise which is not more
than one-fifth of full scale modulation (5% modulation = full scale =
alarm condition) which will be 1.0% noise. The desired improvement
is then 3.0/1.0 = 3 times. The improvement already realized is
15 times. 15/3 = 5.

ASD TR 61-710 27




With the subscript (1) used for 10,825 ft. and subscript
(2) for 15,840 ft., the optics for 3 miles are calculated as fol-
lows:

Ecl Ag] ° Ec2(5) Ag2 = 5.30 x 1075 cm? (7)
(1.61)
7 2 .
but Agp = o [FeaRe2 and X = Fro = 2Ry2 (8)
P
\Pr2 , )

From (3) and (6)1

4

(X )% = 7 x)% (9)
2P 2
L2
&PLZ
x4z 4% (1.61) (B, Agp)

v ¢ 5) (B
- ‘1
lfrom (7) and (9;i

/

4 (4.83 x 100)% . (1.61) . (5.30 x 10-5)
v S5y 117

><L\
"

x4 = 4.33 x 107 cm?

<
"

81.1 cm = Fr = 2Ry2 ° 2 Rg2
8l1.1 cm = 2.00 feet 31.. inches

Any improvement in detectivity will permit reduction of
optics sizes. An improvement of at least 30% 1s expected, and the
odd size of 31.% inches may be reduced to a more workable even
number of 30.0 inches.

Therefore, the following minimum size optics are recommended
for a 3 mile system:

Transmitter:
f/1.0, 2.50 ft. diam., 2.50 ft., focal length.
Receviver:

2.50 ft. diam., may choose f/no. = £/1.0 and focal
lTength = 2.50 ft.
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APPENDIX 1II

PROPOSED LOPAIR DETECTION SYSTEM

The LOPAIR detection system is shown in Fig. 10. It
consists of a modulated infrared source and a motobeam seclective de-
tector receiver separated by a 3 mile open path. In addition, there
is associated electronic apparatus and alarm indications. The
system can be operated as a difference system or ratio system as
will be explained below,

The source consists of a continuously heated element
modulated by a rotating chopper. The chopping frequency is nomi-
nally 5 cycles per second., The modulated infrared energy from the
source is reflected from the source mirror into a beam focussed
upon the receilver mirror. At the receilver the energy is directed
into the monobeam selective detector. 1In addition, some of the re-
ceived energy is focussed onto a lead sulfide cell developing an
electrical signal which is amplified and used as a synchronizing
signal for the synchronous detectors in the electronic portion of
the system,

The monobeam selective detector consists of two sections
separated by an infrared transparent window. In each sectizn is a
flexible diaphragm forming the plate of a capacitor. As IR energy
enters the detector, it passes through gas with which the first cell
is charged and then through gas with which the second cell is
charged. Energy is absorbed in each section of the detector only
in the spectral region characteristic of the gas charges. By
choosing appropriate gases, the detector can be made selective to
the desired infrared spectral regions., Typlcally, the first section
1s charged to give energy absorption in the spectral region of in-
terest and the second section is charged to give energy absorption
in the spectral regions used as a reference. As the energy is ab-
sorbed, it causes a volume change to take place moving the capaci-
tor diaphragms to create an electrical signal in response to the
diaphragm motion. The polarity of the bias is such that the sig-
nals produced from each section of the detector are in opposition.
With no gas present in the open path, the system is adjusted to
produce a minimum output from t e detector and a zero output from
the synchronous detector. When a gas is present in the open path
tetween the source and receiver that absorbs energy in the proper
spectral regions an electrical signal is produced by the resulting
detector unbalance. This signal is amplified and detected by the
synchronous detector and used to operate a gas alarm or other gas
level indicators. By feeding back the output of the synchronous
detector to ihe cell bias circuitry. the voltage at the output
of the synchronous detector becomes proportional to the fractional
changes in the diaphragm capacitance irn the monobeam selective
detector. Therefore, the system becomes a ratio detection system.
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By opening this feedback loop and grounding the zero adjust poten~
tiometer variable arm, the system becomes a simple difference system.

Since under balance conditions the monobeam detector out~-
put is not entirely zero but consists of a small, what might be termed
""quadrature component", it is possible to detect the amplitude of
this quadrature component and use it as a system reliability alarm
and a source alarm. This is accomplished by a 909 phase shift cir-
cult at the output of the amplifier and another synchronous detector.
The reason this is possible is that the quadrature signal from the
detector has an amplitude which is directly proportional to the in-
ceming source energy. It 1s possible for the quadrature component
to vary in amplitude from one detector to another but the same
alarm points can be achieved by adjusting the sensitivity of the
alarm circultry. It is also possible to check the system relia-
-bility by varying the cell bias to the detector in such a manner
that the bilas to each cell is reduced by the same fractional amount,
This is accomplished by relay K-1 and resistor R-1, Normally K-1
is closed, shorting out R-1, If K-l is open, there will be a vol-
tage drop across R-1 due to the current flowing from the cell bias
battery B-1 through R-1 and the zero adjust potentiometer, R-l
can be adjusted to produce one-half the cell bias available before,
Thus, in observing the output of the 90° phase shift synchronous
detector, one would observe the output to drop by one~half, The
failure of the output to respond in this manner, or to respond at
all, indicates a system malfunction, The cell bias can be altered
automatically on a regular schedule or can be done manually, Under
balance conditions of the detector, with no gas present in the open
path, the normal synchronous detector output does not change, but
continues to read zero, Thus, the system reliability can be
checked without disturbing the major gas alarm portion of the
system.

The system is capable of being electrically calibrated
to a known percent modulation by means of the calibrate bias bat-
tery B-2, the relay K-2 and the calibrate adjust potentiometer.
From a zero output indication to the gas alarm circuitry condition,
relay K-2 is closed, producing a voltage in series with the zero
adjust potentiometer of such a magnitude to produce the desired
percent modulation. Calibration can either be performed automat-
ically or manually.

In order to overcome long term drifts in the electrical
and electronic circuitry and long term temperature effects of the
detector itself, a high gain feedback circuit is incorporated in
the feedback loop. This circuit produces a high DC gain to very
slow variations in the output of the synchronous detector driving
the gas alarm circuitry. The time constant of this feedback cir-
cuit, is Iin the order of 8 to 24 hours. Therefore, under normal
operation, this high gain feedback circuit offers unity gain,
allowing the system to perform properly as a detection system.
However, for the 8 to 24 hours drifts that could possibly take
place, the high gain feedback reduces the effect of these varia-
tions by the amount of loop gain. Consequently, what normally
might cause the system to drift full scale in 24 hours can be
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reduced by factors of 20 to 100, as an example. This means temper-
ature control on the monobeam selective detector is unnecessary.

An alternate means of supplying the synchronizing signal
for the synchronous detectors is shown by the dash line connected
to the source chopper drive. This could be accomplished by a pair
of wires between the source location and the receiver location.
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